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INTRODUCTION: Breast cancer is the most common cancer in American women. Cure rates for breast
cancer are highly correlated with early disease stage at initial diagnosis. Recent decline in breast cancer
mortality rates in the U.S. and elsewhere is likely due to the benefits of both early detection and more
effective treatments. Mammography is an established screening modality that has been repeatedly shown to
reduce breast cancer mortality in women age 50 and over. Although efficacy of mammographic screening
for women under age 50 remains controversial, recent data from the Swedish 2-county study indicates a
reduction in breast cancer mortality among these younger screenees. Clinical breast exam and breast self-
examination are additional methods of early detection.

In this IDEA project, we are seeking to complement mammography and physical exams with novel breast
cancer detection methods based on nipple fluid analyses. We will determine whether carcinoembryonic
antigen (CEA) and prostate specific antigen (PSA) in breast nipple fluid can be used as biomarkers of early
breast cancer. Nipple fluid can be obtained in approximately 50 percent of all American women, or 50
million potential beneficiaries of a validated test if found. Nipple fluid CEA/PSA studies offer several
attractive features. Firstly, the methods of specimen collection, developed nearly 50 years ago, are safe and
non-invasive. Also, standard laboratory assays for CEA and PSA are available and inexpensive. Although
CEA and PSA in nipple fluid have not been examined previously, elevated CEA titers in spontaneous
pathologic breast nipple discharges are highly predictive of breast cancer. Lastly, other new tumor markers
can be sought in the cellular and liquid fractions of breast fluid.

Our previous work on cancer-free women have found a wide range of CEA and PSA titers in nipple fluid
(median CEA, 1,087 ng/ml; and median PSA, 55 ng/ml). In this project, we will examine whether CEA/PSA
titers are higher in nipple fluids from pre-operative cancer-bearing breasts, as compared with fluids from
normal breasts. Nipple fluid analyses can be extended in future studies to identify new candidate biomarkers
for cancer, such as telomerase activity and cancer-associated nuclear matrix proteins.

BODY:

Experimental Methods. Nearly 50 years ago Papanicolaou, the developer of the Pap smear for cervical
cancer, pioneered the use of a breast pump to obtain nipple fluid for cytologic analysis for breast cancer (1).
A limitation to nipple fluid analyses has been the small quantity of the material. Approximately 10-100ul of
nipple fluid is obtainable from 30-60% of American women. The fluid is more readily obtained from women
under age 50, for whom mammography may provide benefit (2-4). Breast cancers have been diagnosed by
nipple fluid cytology in anecdotal published reports (1, 5, 6). Thus, there are presently 50 million potential
candidates for nipple fluid exams in the U.S., if validated early cancer detection tests were to become
available (7, 8).

Petrakis has analyzed nipple fluid collected from nearly 50,000 women in recent decades (7, 8). In a
prospective study of 2,701 women with nearly 30,000 person-years of follow-up, subjects whose nipple fluid
showed cytologic atypia had an increased risk of subsequent breast cancer (relative risk=4.9; 95%CI, 1.7-
13.9) (9). However, cytologic diagnosis is limited by the presence of only 100 breast epithelial cells in the
typical nipple aspirate specimen, and the Petrakis results are unconfirmed (5, 8, 9). Investigators have also
found that the liquid fraction of nipple fluid contains high levels of various steroid hormones, proteins,
lipids, and growth factors (8, 10, 11) but not tumor biomarkers indicative of early breast cancers.

Assumptions. Our hypothesis is that CEA and PSA in breast nipple fluids are early markers of breast cancer.

These 2 tumor biomarkers have been widely studied in peripheral blood using standard assays. CEA is an
oncofetal antigen that is detected in 50-90% of primary breast tumors using immunohistochemical
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techniques. CEA is often elevated in serum of patients with metastatic breast cancer, and is widely used to
monitor response to cancer treatment (12). Recent studies in Japan of abnormal spontaneous breast discharge
(not nipple fluid collected by suction) have found elevated CEA levels among women whose workup
revealed a previously unrecognized breast cancer. Inaji et al. reported using a different assay that showed
CEA levels in spontaneous abnormal nipple discharge exceeded 600 ng/ml in 6 of 7 women with
nonpalpable early breast cancers (tumor cells were later shown to express CEA), and 0 of 23 with non-
cancerous breast discharges (13). Three additional reports from Japan have confirmed the finding (14-16). In
one, high nipple discharge CEA titers had a sensitivity of 76% and specificity of 79% for marking the
presence of breast cancer (16). Additionally, prostate-specific antigen (PSA) was thought to be virtually
absent in women (17). Serum PSA levels are low (up to 4 ng/ml) in healthy men, and elevated serum PSA
levels are clinically used as a marker for prostate cancer. Serum PSA is undetectable in healthy women.
However, recent reports have identified high PSA levels in both extracts of female breast cancers and in cell
culture media of PSA-positive breast tumor lines (17-21). Our primary objective of this project is to initiate
the multistep process of examining nipple fluid CEA and PSA as candidate biomarkers for the neoplasm.

Procedures. We have procedures to collect nipple fluids and risk factor data by questionnaire from 75 cases
before surgery/therapy for breast cancer, and 150 cancer-free controls. Using standard assays, PSA and CEA
will be assayed to determine whether these established tumor markers are significantly higher in nipple fluids
from cancer cases as compared with controls. We also seek additional tumor biomarkers in the cellular and
liquid fractions of nipple fluid that might identify early breast cancer. Using a case-control study design,
CEA and PSA (as well as other candidate tumor biomarkers) will be compared in 75 pre-treatment breast
cancer patients (cases) and 150 women without cancer (controls). Controls will be frequency-matched to
cases on 2 strata of age (<50 years, and 50 or older) and a 2:1 ratio of controls to cases. Controls will be
limited to cancer-free women over age 40 with no history of cancer or pre-cancerous breast tumors. Sample
size is limited by the cost of identifying and enrolling untreated breast cancer patients in the short interval
between cancer diagnosis and surgery. During this period, patients are anxious and we take the time to be
supportive and sensitive to their distress.

We have obtained IRB approval to collect and analyze breast nipple fluid samples from women through 4
Boston hospitals that register 2000 breast cancer cases annually. These are Dana-Farber Cancer Institute,
Brigham and Women's Hospital, Beth Israel Hospital and Faulkner Hospital. Previously, specimens have
been collected primarily from women presenting for routine screening mammograms; few had breast cancer
personally. Samples are processed and analysed under supervision of the PI in the Molecular Diagnostics
Laboratory of Dana Farber Cancer Institute. All proposed collection methods have been pre-tested in our
preliminary studies.

With signed consent from an eligible woman, the breast nipple is gently cleansed. She is asked to gently
compress her breast. The suction cup is placed over the nipple, and suction is gently applied for 5-10 seconds
using a 20 ml syringe. The procedure is less uncomfortable and less intrusive than breast compression for
mammograms. If a droplet appears, the fluid is collected into a microcentrifuge tube and the process is
repeated on the opposite breast. The residual moisture on the nipple is spread onto a slide and stored for
future cytologic studies. The fluid is centrifuged, and the cell pellet and supernatent are separately aliquoted
for storage at -70C. No major complications from the procedure have been encountered in 1000 collection
attempts. The procedure itself takes about 5 minutes and is well tolerated. Finding potential participants,
explaining the procedure, obtaining informed consent, and collection of basic risk factor data take more than
30 minutes. Nipple fluid collection for research purposes, when performed with sensitivity and respect for
the participant, is a labor intensive process. The nipple fluid samples are examined for CEA using the
commerical immunoenzymometric assay kit, AIA-PACK CEA (Tosoh Medics, Foster Cty, CA).



Results. We have examined in pilot studies a total of 215 nipple fluids from 147 women; 21 samples were
re-tested and showed highly reproducible results. Right and left breast fluid samples for the same subject
consistently yielded comparable CEA titers (Spearman rank correlation=0.78, p<0.01). The median CEA
value was 1100 ng/ml (range, undetectable to 8,400 ng/ml). The 4 specimens from women with pre-
operative breast cancers showed a median titer of 2000 ng/ml, nearly double that for cancer-free control
subjects. Samples were also tested by Western blot using a mouse anti-human monoclonal antibody (IgG1;
Piece, Rockford, Illinois) along with controls (purified human CEA protein; Calbiochem Novabiochem, San
Diego, CA). These nipple fluids contained the predicted 180 kD CEA glycoprotein. CEA in suctioned nipple
fluid had never been reported previously (22).

Table 1 summarizes the samples collected to date. Among over 1,200 attempts, S60 samples were collected.
Of these, 52 had breasts that contained carcinoma. In addition, 37 had atypical ductal hyperplasia, 17 had
ductal carcinoma in situ, and 2 had lobular carcinoma in situ at the time of collection. These diagnoses were
confirmed by histological examination of the tumor specimen after excision. Samples are still being
collected.

Table 1. Nipple Fluid Collected, by patient diagnosis

Diagnosis # collected
Carcinoma 52
DCIS 17
LCIS 2
ADH 37

No Breast Tumors 452+
TOTAL 560

+Most normal samples collected prior to DOD study

To date, we have a total of 108 nipple fluids from invasive breast carcinoma or precancerous breast lesions.
We have resisted the temptation to study our major endpoint, comparison of CEA and PSA in nipple fluids of
tumor breasts and normal breasts. The reason is that our quantities of nipple fluids are minute, and results
may fluctuate slightly with different assay kits employed over time. Instead, we will finish our collection for
the study and perform all laboratory analyses at one time to standardize all assay conditions.

In the meantime, we have explored other novel assays. In collaboration with Dr. Jerry Shay at MD Anderson
Hospital, we have begun to look at telomerase levels in nipple fluids. The original assay used did not have
adequate sensitivity to detect telomerase in our small quantities of material. Dr. Shay has since developed a
more sensitive assay, and additional biospecimens have been sent to him.

A second collaboration with Dr. Jose Costa and Paul Lizardi at Yale uses a beta helicase PCR-based assay
that they have developed (23). In five nipple fluid samples analyzed to date, exons 5, 7 and 8 of the p53 gene
have been successfully amplified in several samples; SSCP (single strand confirmation polymorphism)
analysis of one sample indicates wildtype alleles (Table 2). Interestingly, in sample 3, exons 5 and 8 were
successfully amplified whereas exon 7 was not. This finding may be due to technical problems.



Alternatively, exon 7 may have been deleted in the sample, and additional studies are in progress. Their
technique of whole gene amplification (WGA) obtained PCR products and k-ras, and the three exons of p53
were successfully amplified in one of these samples (Table 2). We have recently sent these collaborators the
residual pellets after removal of the aqueous portion of nipple fluid aspirate samples. These pellets are
known to contain cells, whereas work is in progress in Dr. Lizardi’s lab to amplify DNA with these pellets
derived from nipple aspirate fluid.

TABLE 2. SUMMARY OF DATA COLLECTED (5/29/98)

K-ras| p53 | pS3 | p53 | SSCP SSCP WGA |K-ras | p53 |p53| pS3
# sample DNA isolation | DNAyield [ ex1 | ex5 [ex7 | ex8 | p53ex7 | pS3ex8 | product| ex1 | ex5 jex7| ex8
11 DF002796-R Nal 1-2ng no no no no
2| DF001481-R Nal 1-2ng yes | yes | yes [wildtype | wild type no
3| DFO000455-R GeneReleaser not measured yes | no | yes yes
4] DF001703-L GeneReleaser not measured yes | yes | yes yes
5{ DF001715-R GeneReleaser not measured yes | yes | yes yes yes |yes |yes yes

A third collaboration is with Matritech, a biotechnology firm that has focused their diagnostic development
on nuclear matrix proteins (24, 25). By polyacrylamide gel electrophoresis (PAGE), known proteins such as
albumin were found in similar levels in all specimens, confirming our prior data on albumin in nipple fluids
independently determined by caloriometric reactions with brome crystal green (Sigma Diagnostics, St. Louis,
MO) (Figure 1). Additionally, various samples showed differing patterns of concentration and distribution of
other proteins yet to be identified. Additional analysis focused on a breast cancer associated nuclear matrix
protein developed by Matritech. In 28 specimens sent to them, this nuclear matrix protein was found to be
expressed in different levels among nipple fluid specimens (Figure 2). Isolated observations suggest that
elevated levels may be associated with fibrocystic diseases of the breast, but additional studies are underway.

Discussion. We have little definitive results to report because the work is still in progress. We are continuing
to accrue specimens from preoperative breast cancer patients, despite the challenges to obtaining these
precious specimens. Recently, one of the participating institutions, Faulkner Hospital, is undergoing new
construction in its mammography suites. Fluid collection at that site has been discontinued at least
temporarily. We expect to meet our target goals by the end of this grant, and particularly, the primary aim of
the study to compare CEA and PSA in cancerous nipple fluids and normals.

CONCLUSIONS: We are studying small quantities of nipple fluids, and will assay for CEA and PSA after
completion of specimen collection. The telomerase assays have not been informative to date. On the other
hand, a nuclear matrix protein has been found at different levels in nipple fluids, and we need to find those
most useful for identifying breast cancer. A new and promising development is the ability to PCR-amplify
known breast cancer-associated genes in nipple fluids. The method may prove useful in finding these cancer-
associated mutations in affected breasts, so early detection can be improved.
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